Abstract-This paper presented the simulation results on electric field performances of medium voltage polymer type insulator while its mechanical conditions were reviewed. The purpose of this study is to investigate the electric field behaviour of 33kV polymer type insulator under different weather conditions by mean humidity and pollution. In addition, outdoor service environments of the insulator were reviewed as they are realized to have worldwide issues on degradation of polymeric material. Using 2D simulation, the electric field was found higher nearer to the end fittings whereby increased up to 38.89% under humidity and pollution. Also, the electric field behaviour along the cross section of weathersheds increased up to 661.59% under humidity and 547.30% under pollution. Meanwhile the weak points along the insulator were identified according to the magnitude of electric field strength. This research also verified the sharp edges and the thickness of the material of insulator as one of the factors that affect electric field strength.
I. INTRODUCTION
The insulator is one of the insulation components that accessible in different types like suspension insulator, strain insulator, pin insulator and stay type insulator. Insulators can be categorized into two major parts, i.e. indoor and outdoor insulator [1] . Outdoor insulators as always relate to the power distribution and transmission lines. Therefore, they are made in such to withstand any outdoor conditions. This study focuses on the suspension insulator which widely available in composite and non-composite material.
Polymer insulator, which is composite material are lighter and easier for maintenance compare to ceramic insulators. They also showed good performance for withstanding rugged condition rather than ceramic insulators that commonly easy to chip and broke that results reduction of insulation ability [2] [3] . However, in the long run, the environmental stress will lead to the degradation, corona phenomena on the surface of the insulator and flashover. These problems, mostly related to electric field distribution along the insulators. Therefore, this study focuses electric field not to forget voltage distribution. The behaviour of the electric field under different weather conditions is essentially variable, as it is also mentioned by Hartings (1994) whereby the electric field is higher under raining activity and high contamination rate [4] . Meanwhile, Doshi (2010) revealed that the moist in the environment is one of the factors of increase of electric field and lead to deformation of polymer insulator which explained in next section [5] . In addition, Que and Sebo (2002) stated that the electric field of polymer insulator needs to take care of because of the following reasons [6] :
i.
To avoid development of electrical discharge on the surface material of the insulator under both dry and wet conditions which may contribute to the degradation of its pollution performance. ii.
To prevent the internal discharge activity inside the FRP rod and the rubber material that could result in both electrical and mechanical failure.
Therefore, in this research different weather conditions are considered by taking into account different level of humidity and pollution whereas 33kV polymer insulator is used.
II. POLYMER INSULATOR

A. Structure of Polymer Suspension Insulator
A common polymer type suspension insulator as depicted in Figure 1 can be distinguished by three parts, i.e. Fibreglass reinforced plastic core also known as FRP rod, end fittings (end attachment) and weathersheds which enclose the core structure. The core provides the mechanical strength to the insulator where the ratings can be found in IEC 61109 (clause 6.4). The excellent composite structure of core material is results from the pultrusion process of fibreglass [7] . Meanwhile, the end fittings allow the insulator to be attached to the energized cables and overhead tower whereas the materials are usually from forged iron, steel or aluminium based on application [8] . It is usually connected to the core by swaging or crimping method to make sure the reliability of the insulator. Note that the dimensional structure of end fittings can be obtained from IEC: 60120/ IS: 2486 [8] [9] . In addition, another part of the insulator; weathersheds provides protection to the core structure by giving total isolation from the outside condition. This can be achieved because of the hydrophobicity properties of the polymer material.
B. Service Environment
In power system, polymer insulator must be reliable under several weather conditions. The rugged service environment may consist in the form of fog, dew, rain, and pollutants from the salty wind, ultraviolet radiation, chemicals from industries and other contamination [10] . There is pollution level standardize in IEC 60815 which categorized by the minimum nominal creepage distance. The pollution levels are as follows [11] ;
i. Light -16 mm/kV ii.
Medium -20 mm/kV iii.
Heavy -25 mm/kV iv.
Very heavy -31 mm/kV Moreover, the humidity in the environment depends on the weather condition, whereas it determines the conductivity of the air [12] . The air conductivity is higher at humid air compared to dry air.
In a transient wetting, polymer insulators suffer dry-band arcing between the wet and dry region on the insulator's surface [13] . In other words, the continuous moisture shortens the dry zone (dry band) on the insulators' surface until arcing developed, whereas the process is gradually under fog and drizzle and rapidly under heavy rain [13] . Consequently, dry band arcing degrades the polymer weathersheds due to heat, ozone and UV radiation generated by the discharge. The other related threat is corona discharges where it commonly appears when the surface electric field strength exceeds a threshold value which is 0.5-0.7 x 10 6 V/m [6, 14] . The discharges can destroy the hydrophobicity properties of polymer material and generate heat that can cause tracking, erosion and mechanical failure. In this research, the areas which electric field approaches or exceeds the threshold value are highlighted.
III. MODELLING
In this study, a typical medium voltage polymer insulator for which rated for 33kV system as shown in Figure. 2 is modelled in Ansys software by the real dimension from available insulator. In the other hand, the model also can previously draw in other modelling software i.e. AutoCAD, Solidwork and etc. before exporting to Ansys. The technical specification of the insulator is as summarized in Table. 1. 
Figure.2. Typical 33kV polymer insulator
Rated voltage (kV) 33-36kV
Dry arcing distance (mm) 400
Structure height (mm) 4110
Creepage distance (mm) 1025
Rod height (mm) 345
Diameter of sheds (mm) 160/130
No.of sheds 7
Weight (kg) 2
Each part of the insulator is assigned by material of steel, polymer and fibreglass for end fittings, weathershed/housing and core respectively. Based on Figure 3 , a box (highlighted in green) is set around the insulator to prepare the area that assigned by different weather condition. Noted that an exterior region, which enclosed all the objects and structures is drawn which then set as a balloon boundary to simulate space extending to infinity. In other words, the voltage is zero at infinity; hence it brings to faster computation to the simulation.
The insulator is excited by consideration of the maximum voltage that occurs during normal operation of the insulator. The bottom end fitting part is energized with the 36kV while the other end is grounded. In this study, the bulk conductivity of air varies under different level of humidity in which three levels of humidity and its parameters are identified from review [15] . They are described in units of relative humidity (%RH) as shown in Table. 2. Meanwhile the polluted air identified by the aerosol concentration in the air as indicated in Table. 3. Consideration of aerosol allows to subset all the pollution in the air include haze, dust, particulate air pollutants and smoke. These conditions by means are assigned to the green region. Furthermore, the voltage and the electric field profile along the cross-section of fibreglass core and polymeric weathersheds are analysed as shown in Figure. 4. Two geometry lines are drawn along randomly chosen weathershed and the core centre which use to locate the required analyses. Note that the results under humidity and pollution are compared to those in vacuum condition. 
IV. RESULT AND DISCUSSION
A. Responds on Humidity
Based on Figure. 5, the voltage profile at the distance of A -A' as in Figure. 4 which indicates the magnitude of voltage along the core part is shown accordingly. Moreover, the air humidity in the surrounding of the polymer insulator is considered. The voltage profiles show that the longer the distance from the reference point (0mm), the lower the voltages. The decrease occurs in un-linear trend, whereas it is most significant when higher humidity is introduced. Note that the trend consists of ∆V/d, which contributes to electric field.
Figure.5. Voltage profile along A-A' under different humidity
On the other hand, the voltage profile along B -B' of the insulator is shown in Figure.6 . Initially, the profile form bell shape which indicates higher voltage at the core side up to 23.86kV compare to the shed sides. However, it decreases about 1.80% under humid air, whereas the voltage at the shed sides increases with nonlinear trend. At the increasing of humidity, the voltage at core side statically maintains while gradually rise at sheds up to peak 23.77kV. It has been known that the volume and surface conductivity of polymeric material are highly influenced by temperature and humidity of surrounding gas [16] . Therefore, it is found that the conductivity at shed sides improved under humidity as it is directly exposed to the environment.
Meanwhile, the electric field profile along the core section of A -A' is evaluated as shown in Figure. 8. The electric field at the both ends of the core at vacuum is higher compared to the middle section. Meanwhile, the introduction of humidity results the rise of the electric field magnitude at the both ends of the core from 0.1687 x 10 6 V/m to 0.2343 x 10 6 V/m which indicates 38.89% of the increase.
Note that the sharp edges of the core nearer to end fittings illustrate more intense electric field (refer Figure.7) . Therefore, the electric field can be said associated with the shape of the insulator that consist of the sharp edges and enhanced when the presence of humidity. Moreover, the electric field behaves expectedly along a weathershed cross section of the insulator as shown in Figure. 9. Under a vacuum condition, the electric field value is greater at the core section compared to the shed section. However, it is increased significantly approximately at the shed section about 661.59% when exposed to foggy conditions. The thinner part of shed obtained the higher magnitude compared to the thicker part. It can be said that the thicker the material the lower the value of the electric field. Notice that the point of contact between shed and core experienced the peak value of the electric field at 0.2451 x 10 6 V/m whereby it might be dangerous if the glue material use to attach these parts to each other unable to withstand the stresses. 
B. Responds on Contamination
The simulation of polymer insulator under contamination results the electric field, along the centre of the core as shown in Figure. 10. The exposure to humidity gives a rise of electric field about 38.89% at the both ends of the core while decrease at the middle. Meanwhile, further increase of contamination gives no effect to the electric field value. In addition, aerosol contamination increased the electric field along B -B' as illustrated in Figure. 11. The contamination caused the rise of electric field up to 547.30% of those values in vacuum condition. The same profile shape of electric field obtained along the shed and core sections as in humidity (see Figure.9 ). In spite of that, further increase of contamination slightly decreased the value of the electric field by 3.92% at the shed section while no changes observed in the core section. Table. 4 and 5 shows the electric field observed under humidity and pollution conditions at the weakest points identified along the insulator. Referred to Table. 4, distances of 0mm and 330mm located on both ends of the core. Meanwhile, the distance of 11mm and 127mm is set at the shed structure while 55mm and 83mm belong to points of contact between shed and core structure. The weakest points are identified as the points of highest electric field strength along the insulator which are very important to be studied and consider when designing the insulator. Moreover, high electrical stress on the weak points gives high possibility for materials at those points to degrade faster compared to other points. Therefore, if there is insulators failure, it might originate from the weak points.
V. CONCLUSION
The technical parameters of real 33kV polymer insulator were reviewed, whereas the common problems suffered by the insulators were discussed. Meanwhile, the magnitudes of electric field distribution along the polymer insulator were evaluated from the simulation under humidity and pollution. In addition, they were discussed accordingly along the core and the weathersheds cross-section. Throughout this study, the electric field was found higher nearer to the end fittings whereby increased up to 38.89% under humidity and pollution. Also, the electric field behaviours along the cross section of weathersheds increased up to 661.59% under humidity and 547.30% under pollution. Based on the results, the critical points along the insulator were identified and believed to cause failure. In addition, the sharp edges and the thickness of the materials of insulator were verified as one of the factors that affect electric field strength.
